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This paper describes development of the preliminary design support system.
It supports the embodiment design stage in engineering design by providing a
constraint solver which solves constraints generated during design process. The
constraint solver provides the following functions: (1) detecting inequalities which
cannot be simultaneously satisfied, (2) finding out variables whose values should be
changed in order to remove inconsistency, (3) computing numerical solutions. Fur-
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$f1(x)=0,$ $\ldots,$ $f_{p}(x)=0$ ,
$g_{1}(x)\neq 0,$
$\ldots,$




$x=(x_{1}, \ldots, x_{n})$ $n$ $f_{i}(X),$ $gj(x),$ $h_{k}(x)$





$f_{1}(x)=0,$ $\ldots,$ $f_{p}(x)=0$ ,
$g_{1}(x)\cdot S_{1}.=1,$ $\ldots,$ $g_{q}(x)\cdot s=q1$ , (2)




(2) $t_{1},$ $\ldots$ , $t_{r}$ (3)
$c(t_{1}, \ldots, t_{r})=0$ . (3)
(3)
1. $c(t_{1}, \ldots, t_{r})$
(1)
$c(t_{1}, \ldots, t_{r})=t_{1}+t_{2}t_{3}+3$ $t_{1},$ $t_{2},$ $t_{3}$
$h_{1}(x)\geq 0,$ $h_{2}(X)\geq 0,$ $h_{3}(x)\geq 0$ .
2. $c(t_{1}, \ldots , t_{r})$ $0$
(1)
$c(t_{1}, \ldots, t_{r})=t_{1}+t_{2}t_{3}$ $t_{1},$ $t_{2},$ $t_{3}$





(3) ” $x_{k}$ $a$
” - (4)
$x_{k}=a$ . (4)
(3) (4) (4) (3)
$x_{k}$ $a$










1. $G$ $c(t_{1}, \ldots, t_{r})$ $0$
$\Rightarrow$ (4) (3) $x_{k}$
2. $G$ $c(t_{1}, \ldots, t_{r})$ $0$





$A$ $=$ $\{(x, s, t)|f_{1}(x)=0,$ $\ldots,$ $f_{p}(x)=0$ ,
$g_{1}(x)\cdot S_{1}=1,$
$\ldots,$










1. $u(x, s, t)$ $(n+q+r)$
2. $u(X, s, t)$ $(n+q+r)$
3. $u(x, s, t)$
1
$A$ $A$ $A$ $u(x, s, t)$
$A$ $A$ $u(x, s, t)$






$0\leq I\leq I_{0},0\leq V\leq V_{0}$ .
$I$ : $I_{0}$ : $V$ : $V_{0}$ :
2.
$\tau_{m}=kI_{m},$ $V_{m}=RI_{m}+k\omega_{m},$ $R\geq 0,$ $k\geq 0,$ $\tau_{m}\omega_{m}\geq 0$ .











$f_{\mathit{0}}=f,$ $v$ $=v$ .
v
: $I_{0}=1[\mathrm{A}],$ $V_{0}=9[\mathrm{V}]$ .




$f_{\mathit{0}}>90,$ $v_{o}>0.07,$ $V\leq V_{0},$ $V0=9,$ $R=2,$ $k=0.02,$ $\iota=0.\mathrm{O}\mathrm{O}1$ .
–
2. $f_{\mathit{0}}>90[\mathrm{N}],$ $v_{o}>0.06[\mathrm{m}/\mathrm{s}]$
$f_{\mathit{0}}=f=90.05,$ $v_{O}=v=6.005\cross 10^{-2},$ $\tau=\tau_{m}=1.441\cross 10^{-2}$ ,



















( ) $>$ ( ) $>$ ( )
4
(a) Rotational Joint 1(b) Rotational Joint2(c) Beam
4:
(a) Rotational Joint 1
$a_{i},$ $a_{o}$ : $n$ :
$P$ :
$\theta$ :
$|a_{i}|=|a_{o}|=|n|=1,$ $a_{i}\cross a_{O}=n\sin\theta,$ $ai$ . $ao=\cos\theta$ .
$a_{o}>a_{i},$ $n,$ $P>\sin\theta,$ $\cos\theta,$
$\theta$ .
(b) Rotational Joint 2 ( )
$a$ : $n_{i}$ : $a$
$n_{o}$ : $a$. $P$ :
$\theta$ :
l j‘ $|a|=|n_{i}|=|n_{\text{ }}|=1,$ $a$ . $ni=0$ , ni $\cross n$ $=a\sin\theta,$ $n\cdot n$ $=\cos\theta$ .
57
$n$ $>n_{i},$ $a,$ $P>\sin\theta,$ $\cos\theta,$ $\theta$ .
(c) Beam
$a$ : $n:a$ $P_{i},$ $P_{o}$ :
$l$ :
$|a|=|n|=1,$ $a\cdot n=0,\overline{PiP\text{ }}=la.$





$a(\mathrm{J}\mathrm{o}\mathrm{i}\mathrm{n}\mathrm{t}-\mathrm{a})=(\mathrm{O}, 0,1),$ni (Joint-a) $=(1,0, \mathrm{o}),$ $P(\mathrm{J}\mathrm{o}\mathrm{i}\mathrm{n}\mathrm{t}_{-}\mathrm{a})=(\mathrm{O}, 0, \mathrm{o})$ .
2. Joint-b Joint-a
$a_{i}$ (Joint-b) $=a(\mathrm{J}\mathrm{o}\mathrm{i}\mathrm{n}\mathrm{t}- \mathrm{a}),$ $n(\mathrm{J}\mathrm{o}\mathrm{i}\mathrm{n}\mathrm{t}-\mathrm{b})=n_{o}(\mathrm{J}_{0}\mathrm{i}\mathrm{n}\mathrm{t}-\mathrm{a}),$ $P(\mathrm{J}\mathrm{o}\mathrm{i}\mathrm{n}\mathrm{t}_{-}\mathrm{b})=P(\mathrm{J}\mathrm{o}\mathrm{i}\mathrm{n}\mathrm{t}- \mathrm{a})$ .
3. Beam-a Joint-b
$a(\mathrm{B}\mathrm{e}\mathrm{a}\mathrm{m}-\mathrm{a})=a_{o}(\mathrm{J}\mathrm{o}\mathrm{i}\mathrm{n}\mathrm{t}_{-\mathrm{b}}),$ $n(\mathrm{B}\mathrm{e}\mathrm{a}\mathrm{m}_{-\mathrm{a})}=n(\mathrm{J}\mathrm{o}\mathrm{i}\mathrm{n}\mathrm{t}_{-}\mathrm{b}),$ $Pi$ (Beam-a) $=P(\mathrm{J}\mathrm{o}\mathrm{i}\mathrm{n}\mathrm{t}_{-}\mathrm{b})$ .
4. Joint-c Beam-a
$a_{i}$ (Joint-c) $=a(\mathrm{B}\mathrm{e}\mathrm{a}\mathrm{m}_{-}\mathrm{a}),$ $n(\mathrm{J}\mathrm{o}\mathrm{i}\mathrm{n}\mathrm{t}_{-}\mathrm{c})=n(\mathrm{B}\mathrm{e}\mathrm{a}\mathrm{m}_{-}\mathrm{a}),$ $P(\mathrm{J}\mathrm{o}\mathrm{i}\mathrm{n}\mathrm{t}-\mathrm{c})=P_{o}(\mathrm{B}\mathrm{e}\mathrm{a}\mathrm{m}_{-\mathrm{a})}$.
5. Beam-b Joint-c
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